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[57] ABSTRACT

The present invention is directed to a semiconductor laser
device 1n which an active layer is constituted by a quantum
well layer having a structure in which well layers and barrier
layers which are formed on a GaAs substrate are alternately

2357/96 layered, cladding layers are provided so as to interpose the
_ active layer, the value of a strain on each of the well layers
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1
SEMICONDUCTOR LASER DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a semiconduc-
tor laser device comprising an active layer having a strain
compensated type multiple quantum well structure, and
more particularly, to a semiconductor laser device having an
oscillation wavelength in the range of about 630 nm.

DESCRIPTION OF THE PRIOR ART

As a light source for recording and reading to and from an
optical disk or the like or a light source of a laser printer or
the like, demand for a semiconductor laser device oscillating
in a wavelength in a visible-light region has been increased.
Examples of this type of visible-light laser currently used
include a semiconductor laser device comprising an active
layer having a multiple quantum well structure on a GaAs
substrate.

In the above described visible-light laser, it is demanded
that the oscillation wavelength thereof is decreased. A semi-
conductor laser of an AlGalnP system oscillating in a band
of 630 nm is of interest to. The decrease in the wavelength
makes it possible to significantly improve the recording
density in the optical disk or the like and to replace the
semiconductor laser of an AlGalnP system with a He—Ne
gas laser having an oscillation wavelength (A) of 630 nm.

In the semiconductor laser of an AlGalnP system oscil-
lating 1n a band of 630 nm, therefore, it is proposed that a
strain multiple quantum well (S-MQW) structure is
employed for an active layer which is set into laser oscil-
lation for purposes of improving laser characteristics, for
example, decreasing an operating current and improving
temperature characteristics. This structure is a structure in
which the composition of a well layer having a multiple
quantum well structure 1s changed and the lattice constant of
crystals of the well layer is changed to exert a compressive
strain or a tensile strain on the well layer.

It 1s known that such exertion of the strain on the well
layer having the quantum well structure leads to an improve-
ment of laser characteristics such as decreases in threshold
current and operating current, in addition to an improvement
of characteristics due to the quantum well structure. The
larger the value of the strain, the more the laser character-
istics are improved. If too large a strain is exerted, however,
crystal defects occur, so that the characteristics are con-
versely degraded. The larger the value of the strain and the
larger the layer thickness, the greater is the likelihood that
crystal defects can easily occur.

In order to improve the characteristics of the strain
multiple quantum well semiconductor laser, therefore, a
strain compensated type MQW structure capable of exerting
strains in the opposite directions on a well layer and a barrier
layer and exerting the large strain on the well layer has been

proposed, for example as disclosed in Japanese Patent
Laid-Open Gazette No. 21093/1991.

In the above described conventional strain compensated
type MQW structure, the strains are so set that the values of
the compressive strain and the tensile strain are approxi-
mately equal to each other (the average value of the strains
1s approximately zero). The inventors of the present appli-
cation have examined the relationship between strains
exerted on the well layer and the barrier layer and a
threshold current. As a result, it is found that a sufficient
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effect to improve laser characteristics cannot be obtained
merely by so seiting the strains that the values of the
compressive strain and the tensile strain are approximately
equal to each other as in the conventional example.

SUMMARY OF THE INVENTION

The present invention has been made so as to solve the
above described conventional problems and has for its
object to improve laser characteristics by optimizing strains
respectively exerted in the opposite directions on a well
layer and a barrier layer and exert the large strain on the well
layer.

Additionally, an object of the present invention is to
decrease the threshold current of a semiconductor laser
device having an oscillation wavelength of 630 nm.

In a semiconductor laser device in which an active layer
1s constituted by a quantum well structure having a structure
of a well layer and a barrier layer which are formed on a
semiconductor substrate, and cladding layers are provided
SO as to interpose the active layer, the present invention is
characterized in that in a case where the value of a strain in
the well layer, Aa,;, is defined as Aam (a,,~—a)/a, the value
of a strain on the barrier layer, Aa,;, is defined as Aa, =(a, —
a)/a, and the product of strain accumulated in the active layer
and the layer thickness, A, is calculated by the following
egquation:

7l

:—l ]"‘1

where a is the lattice constant of the semiconductor sub-
strate, a,,; 18 the lattice constant of the well layer, t_; is the
thickness of the well layer, 2, 1s the lattice constant of the
barrier layer, and t,; is the thickness of the barrier layer,

the foregoing Aa,;, Aa,; and A satisfy the following
relationships:

-20% = Aa,,; < 0%,

0% < Ag,; = +1.5%, and
—36x10 m(meter)“:ﬂc::(] or
0% < Aa,,; = 2.0%,
—IS%EME, < 0%, and
0<AS 36x10 19 (meter).

The threshold current of the semiconductor laser device is
decreased by setting the value of the strain on the well layer,
the value of the strain on the barrier layer, and the product
of the strains accumulated in the active layer and the layer
thickness as described above, thereby to make it possible to
improve the efficiency and improve the temperature char-
acteristics.

Furthermore, in a semiconductor laser device in which an
active layer is constituted by a quantum well structure
having a structure in which well layers and barrier layers
which are formed on a semiconductor substrate are alter-
nately layered, and cladding layers are provided so as to
interpose the active layer, the present invention is charac-
terized in that the value of a strain on each of the well layers
is —0.8% to —1.5%, the thickness of the well layer is 80 A
to 180 A, the value of a strain on each of the barrier layers
18 +0.5% to +1.0%, the thickness of the barrier layer is 20 A
to 60 A, and the respective numbers of laminated well layers
and barrier layers are 2 to 4.

The threshold current of the semiconductor laser device
osciliating in a band of 630 nm is decreased by setting the
strain values and the layer thicknesses as described above,
thereby to make it possible to improve the efficiency and
improve the temperature characteristics.
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The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view showing a semiconductor
device according to a first embodiment of the present
invention;

FIG. 2 1s a schematic view showing a band structure in the
vicinity of an active layer in the present invention;

FIG. 3 is a schematic view showing the relationship
between strain values and a band gap;

FIG. 4 1s a graph showing the relationship between strain
values and a threshold current;

FI1G. 5 1s a schematic view showing a band structure in an

active layer of a laser device used for the measurements
shown in FIG. 4;

FIG. 6 1s a measured diagram showing the relationship
between strain values and a threshold current:

FIG. 7 is a schematic view showing a band structure in an

active layer of a laser device used for the measurements
shown in FIG. 6;

FIG. 8 is a cross sectional view showing a semiconductor
device according to a second embodiment of the present
invention;

FIG. 9 1s a cross sectional view showing a semiconductor

device according to a third embodiment of the present
invention; and

FIG. 10 is a cross sectional view showing a semiconduc-
tor device according to a fourth embodiment of the present
- invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Description is now made of embodiments of the present
invention with reference to the drawings.

FIG. 1 1s a cross sectional view showing a semiconductor
laser device according to a first embodiment of the present
invention, and FIG. 2 is a schematic view showing a band
structure in the vicinity of an active layer.

A device according to a first embodiment is a semicon-
ductor laser device having a buried ridge structure. In this
semiconductor laser device, a buffer layer 2 composed of
n-type Ga, s,In, 40P having a thickness of 0.3 &L m and a
cladding layer 3 composed of n-type (Al Ga,_
x)o.51100.49P(0.5<x<1:x=0.7 in the present embodiment)
having a thickness of 0.8 um are sequentially grown on an
n-type GaAs substrate 1 having a main surface misoriented
by 9° from a (100) plane of the substrate in a [011] direction
by a metal organic chemical vapor deposition (MOCVD)
method, a molecular beam epitaxy (MBE) method or the
like. An active layer 4 having a strain compensated type
MQW structure which characterizes the present invention is
formed on the cladding layer 3 by the MOCVD method or
the like. A cladding layer S composed of p-type (Al Ga,_
x)0.51110.49P(0.5<x<1: x=0.7 in the present embodiment)
having a thickness of 200 A and a muitiple quantum barrier
6 for improving temperature characteristics are formed on
the active layer 4, and a cladding layer 7 composed of p-type
(Alg 7Gag 3)g 51105 40P having a thickness of 0.8 pum is fur-
ther formed thereon by the MOCVD method or the like.
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The cladding layer 7 is provided with a projection having
a thickness of 5 um by mesa etching or the like, and a block
layer 8 composed of n-type GaAs having a thickness of 0.8
pum 1s formed on the cladding layer 7 excluding an upper
surface portion of the projection. In addition, a contact layer
9 composed of p-type Ga, 5,In, ,oP having a thickness of 0.1
um is formed in the projection, and a cap layer 10 composed
of p-type GaAs having a thickness of 3 ym is formed on the
entire surface of the contact layer 9. A p-type electrode 12

and an n-type electrode 11 are respectively formed on the
cap layer 10 and the lower surface of the n-type substrate 1.

Description is now made of the active layer 4 which
characterizes the present invention with reference to FIG. 2.
The active layer 4 according to the present invention is
constituted by well layers 42, barrier layers 43, and optical
guide layers 41 (which function as barrier layers for the well
layers 42).

As shown in FIG. 2, the active layer 4 constituted by a
strain multiple quantum well layer comprising pairs of well
layers 42 and barrier layers 43 which has a composition of
(Al,Ga,_,),In, ;P (O<x<1, 0.24<y<0.78) is provided
between the optical guide layers 41 having a thickness of
150 A from the n-type cladding layer 3 using the MOCVD
method, the MBE method or the like.

In the present embodiment, the composition ratio of y in
the composition of (Al,Ga,_,),In, P is so adjusted that a
tensile strain (having a negative value) is exerted on the well
layers 42 and a compressive strain is exerted on the barrier
layers 43. Specifically, lattice matching is achieved so that
there 1s no strain when y is 0.51, a compressive strain is
exerted when y is less than 0.51, and a tensile strain is
exerted when y 1s more than 0.51. In FIG. 2, the compressive
strain 1S exerted on a hatched portion.

Furthermore, the multiple quantum barrier 6 is preferably
constituted by 10 pairs of well layers composed of
Ga, 5,10, 40P having a thickness of 11 A and barrier layers

cAomposed of (Al ,Gag 5)q 511N 40P having a thickness of 17

FIG. 3 is a diagram showing the relationship between
strain values and band gap. As apparent from FIG. 3, in the
case of the same Al composition, the band gap is decreased
in the case of a positive strain value, that is, a compressive
strain, while being increased in the case of a negative strain
value, that is, a tensile strain.

The inventors of the present application have changed the
strain value into a variety of values in the above described
semiconductor laser device having the structure shown in
FIGS. 1 and 2, to measure the threshold current. The results
of the measurements are shown in FIGS. 4 and 6. FIG. 4 is
a diagram showing the results of the measurements of the
threshold current using a semiconductor laser device com-
prising an active layer 4 having a structure shown in FIG. 5.
As shown in FIG. §, this active layer comprises three well
layers 42 each having a thickness of 100 A, the value of a
strain on the well layers 42 is set to —1%, and the thickness
of barrier layers 43 and optical guide layers 41 is set to 40
A, to change the value of strain on the barrier layers 43 and
the optical guide layers 41. The oscillation wavelength of the
semiconductor laser device at this time is 635

The strain values are defined as follows in a case where
a is taken as the lattice constant of the semiconductor
substrate 1, a,,; is taken as the lattice constant of the well
layers 42, t ; is taken as the thickness of the well layers 42,
a,; 1s taken as the lattice constant of the barrier layers 43 and
the optical guide layers 41, and t,,; is taken as the thickness
of the barrier layers 43 and the optical guide layers 41: The
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value of the strain on the well layers 42, Aa_,, is defined as
a,~(a,~a)a, and the value of the strain on the barrier

layers 43 and the optical guide layers 41, Aa,, is defined as
Aa,=(a,—a)la.

Furthermore, the product of the strains accumulated in the
active layer 4 and the layer thickness (i, and t,), A, is
calculated as follows:

n m
=1 j=l

In FIG. 4, the abscissa represents the value of the strain on
the barrier layers 43 and the optical guide layers 41, Aa,,
and the product of the strains accumulated in the active layer
and the layer thickness, A, and the ordinate represents the
ratio (Ith/Itho) of the threshold current (Ith) to a threshold
value at the time of exerting a strain of —1.0% on only the
well layers 42 (Itho). As can be seen from FIG. 4, the ratio
takes the minimum value when the value of the strain
exerted on the barrier layers 43 and the optical guide layers
41 is 0.6% and the product A is in the vicinity of —2.0x107°
(meter).

Specifically, the threshold current is decreased as the
value of the strain exerted on the barrier layers 43 and the
optical guide layers 41 is increased to 0.6%. The threshold
current takes the minimum value when it is in the vicinity of
0.6%, and is increased as it is increased from 0.6%. Con-
sequently, the optimum value exists as the value of the strain
Aa,; on the barrier layers 43 and the optical guide layers 41.

The range 1s 0% <Aa,,=1.29%.
Preferably, the range is 0.12=Aa,,=1.29%.
More preferably, the range is 0.33=Aa,,=0.98%.

FIG. 6 is a diagram showing the results of the measure-
ments of the threshold current using a semiconductor laser
device comprising an active layer 4 having a structure
shown in FIG. 7. In this example, the active layer 4
comprises two well layers 42 each having a thickness of 150
A, and the value of a strain on the well layers 42 is —1.2%.
to change the value of a strain on barrier layers 43 and
optical guide layers 41. The oscillation wavelength of the
semiconductor laser device at this time is 635 nm.

The ordinate and the abscissa in FIG. 6 are the same as
those shown in FIG. 4. In FIG. 6, the threshold current is
decreased as the value of the strain on the barrier layers 42
and the optlcal guide layers 41, Aa,,,, is increased to 0.8% (A:
—2.6 107'°% m), takes the minimum value when it is in the
vicinity of 0.8%, and is increased as it is increased from

0.8%, as in FIG. 4. In this example, therefore, the range of
the strain value, Aa,,;, is as follows:

The range is 0%<Aa,;=1.5%.
Preferably, the range is 0.18=Aa, =1.46%.
More preferably, the range is 0.52=Aa,,=1.13%.

The optimum values can be thus respectively determined
as, for example, the values of the strains on the active layer
4. However, the value of the strain which can be exerted as
the strain on the well layers 42, Aa,,, is ~—2% =Aa_,<0%.
Respective parameters suitable for the active layer 4 are as

follows from the strain values and the above described
FIGS. 4 and 6:

-2% = Aa,,; < 0%,

0% < Agy; = +1.5%, and

—3.6 X 1(} 1% (meter) = A < 0.

Preferably,

-3.38 x 107'° (meter) < A £ —0.94 x 107° (meter).
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-continued
More preferably,

—2.98 x 107'° {(meter) £ A £ —1.43 x 107'° (meter).

Although in the above described embodiment, the tensile
strain 18 exerted on the well layers 42 and the compressive
strain is exerted on the optical guide layers 41 and the barrier
layers 43, the compressive strain may be exerted on the well
layers 42 and the tensile strain may be exerted on the optical
guide layers 41 and the barrier layers 43, in which case the
function of respectively compensating for the strains by the
well layers 42 and by the barrier layers 43 and the optical
guide layers 41 is the same, thereby to make it possible to
increase the values of the strains on the quantum well layer.
In addition, whichever of the compressive strain and the
tensile strain is exerted on the barrier layers 43 and the
optical guide layers 41, the diffusion speed of holes in the
barrier layers 43 and the optical guide layers 41 is increased,
thereby to make it possible to uniformly inject carriers to the
respective well layers 42, which is effective in decreasing
the threshold current. The threshold current is decreased in
the same function whether the tensile strain is exerted on the
well layers 42 and the compressive strain is exerted on the
optical guide layers 41 and the barrier layers 43 or the
compressive strain 1S exerted on the well layers 42 and the
tenstle strain is exerted on the optical guide layers 41 and the
barrier layers 43, so that the values of the strains are in the
same range. Consequently, respective parameters are pref-
erably in the same ranges as the above described ranges even
when the compressive strain is exerted on the well layers 42
and the tensile strain is exerted on the optical guide layers 41
and the barrier layers 43:

That 1s,

0% < Aa,,; = 2%, |

-1.5% = Aa,, < 0%, and

0< A = 3.6 x 107° (meter).

Preferably,

0.94 x 107'° (meter) = A = 3.38 x 107'° (meter).
More preferably,

1.43 x 107'° (meter) £ A = 2.98 x 107° (meter).

Suitable ranges are then calculated on the basis of FIGS.
4 and 6 in the above described structure shown in FIGS. 1
and 2 when the oscillation wavelength is 635 nm. Conse-
quently, the value of the strain on the well layers 42 is —0.8%
to —1.5%, the thickness of one of the well layers 42 is 80 to
180 A, the number of pairs of well layers and barrier layers
1s 2 to 4, the value of the strain on the barrier layers 43 and
the optical guide layers 41 is +0.5% to +1.0%, and the
thickness of one of the barrier layers 43 is 20 to 60 A. The

semiconductor laser device thus formed is low in threshold
current and oscillates in a wavelength of 635 nm.

Although the above described embodiment shown in FIG.
1 is directed to a semiconductor laser device having a buried
ridge structure, the present invention is applicable to a
semiconductor laser device having a strain compensated
type MQW structure for an active layer. For exar ple, the
present invention is applicable to semiconductor laser
devices shown in FIGS. 8 to 10. FIG. 8 shows a semicon-
ductor laser device having an inner stripe structure. In this
semiconductor laser device, a buffer layer 2 composed of
n-type Gag 5;In, 4P having a thickness of 0.3 ym and a
cladding layer 3 composed of n-type (Al ,Gag 5)g.s;100 40P
having a thickness of 0.8 um are sequentially grown on an
n-type GaAs substrate 1 having a main surface misoriented
by 9° from a (100) plane of the substrate in a [011] direction
by a MOCVD method or the like, and an active layer 4
having a strain compensated type MQW structure which
characterizes the present invention is formed on the cladding
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layer 3 by the MOCVD method or the like. A cladding layer
15 composed of p-type (AL Ga,_)q 510, 40P(0.5<x<1:
x=(.7 in the present embodiment) having a thickness of 0.8
pum 1s formed on the active layer 4, and a contact layer 16
composed of p-type Ga, 5,In, ,oP having a thickness of 0.1
um is formed thereon respectively by the MOCVD method
or the like. A block layer 17 composed of n-type GaAs
having a thickness of 0.8 um is formed on the contact layer
16. The block layer 17 is etched away so as to expose the
surface in the center of the contact layer 16. A cap layer 18
composed of p-type GaAs having a thickness of 3 um is
formed on the block layer 17 including the contact layer 16.

A p-type electrode 12 is formed on the cap layer 18, and an

n-type electrode 11 is formed on the lower surface of the
n-type substrate 1.

FIG. 9 shows a semiconductor laser device having an
oxide stripe structure, which 1s formed similarly to the above
described semiconductor laser device having an inner cur-
rent bottleneck structure until a contact layer 16 is formed.
A cap layer 19 composed of p-type GaAs having a thickness
of 0.5 um is provided on the contact layer 16, an SiO, film
20 having a thickness of 0.5 um is provided on the cap layer
19. The 510, film 20 is removed in a stripe shape by etching
to expose the cap layer 19. A p-type electrode 21 is formed
on the exposed cap layer 19.

FIG. 10 shows a semiconductor laser device having a
ridge structure, which is formed similarly to the above
described semiconductor laser device having an oxide strip
structure until a cap layer 19 is formed. Thereafter, mesa
etching is made until the etching depth reaches a cladding
layer 3. A portion excluding a p-type electrode 23 and a
contact region is coated with a SiO,, film 22, and an p-type
electrode 23 is formed thereon.

The present invention is applied to an active layer 4 of
cach of the semiconductor laser devices thus formed,
thereby to obtain the same effect.

Furthermore, although in the above described embodi-
ments, description was made using a device having an
oscillation wavelength of 635 nm, a laser device having
another wavelength may be used provided that it is made of
the same material, in which case the same effect is obtained.

Additionally, although a device structure is described
using a refractive index waveguide type device, it will be
clear that the same effect is obtained with respect to a gain
waveguide type device, a broad area type (wide stripe type)
device or a laser array. In addition, the effect of the present
invention is independent of the presence or absence of a
multiple quantum barrier or an etching stopper layer. The
same effect can be expected even when an active layer does
not have a multiple quantum structure but a single quantum

- well structure.

Furthermore, although the above described embodiments
used the n-type GaAs substrate 1 having a main surface
misoriented by 9° from the (100) plane in the [011] direc-
tion, the effect of the present invention is obtained without
depending on the off angle. If the one main surface of the
(GaAs substrate 1 is misoriented by not less than 5° from the
(100) plane in the [011] direction, the crystallizability of the
layer grown on the substrate becomes good. On the other
hand, if the off angle exceeds 17°, the crystallizability of the
layer formed on the substrate is degraded. In addition,
although in the above described embodiments, the one main
surface of the GaAs substrate 1 is misoriented from the (100)
plane in the [011] direction, the same effect is obtained if the
one main surface of the GaAs substrate 1 is a surface
equivalent to the surface misoriented from the (100) plane in
the [011] direction. Specifically, one main surface (a crystal
grown plane) of the GaAs substrate may be a surface
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misoriented from a (100) plane of the substrate in a [0-1-1]
direction, a surface misoriented from a (010) plane of the
substrate in a [101] or [-10-1] direction, or a surface muis-
oriented from a (001) plane of the substrate in a [110] or
[-1-10] direction, that is, a surface misoriented from a {100}
plane of the substrate in a <011> direction. Consequently,
with the GaAs substrate 1 used, a GaAs substrate having a
main surface misoriented by not less than 5° from a {100}
plane of the substrate in a <011> direction is preferable, and
a GaAs substrate having a main surface misoriented by not
less than 5° nor more than 17° from a {100} plane of the
substrate in a <011> direction is more preferable.

Although the present invention has been described and
itllustrated in detail, it 1s clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed is:

1. In a semiconductor laser device comprising an active
layer including a quantum well structure having a layered
structure of a well layer and a barrier layer formed on a
semiconductor substrate, and cladding layers provided with
the active layer interposed therebetween, wherein the value
of strain in said well layer, Aa,, is defined as Aa,,=(a,,—a)/a,
the value of strain in said barrier layer, Aa,,, is defined as
Aa, =(a,;—a)/a, and the product of strain accumulated in said
active layer and the layer thickness (t,; and t,), A, is
calculated by the following equation:

n m
A= X Aayi X tyi+ 2 Alap] ap; X ty;,
=1 =1 -

where a is the lattice constant of said semiconductor sub-
strate, a,,; 1s the lattice constant of said well layer, t,, 1s the
thickness of the well layer, a,; is the lattice constant of said
barrier layer, and t,; is the thickness of the barrier layer,

said Aa,;, Aa,; and A respectively satisfy the following
relationships:

~2.0% < Aa,, < 0%,
0% < Aay; < +1.5%, and
-3.6 X 1071° (meter) = A < 0.

2. The semiconductor laser device according to claim 1,
wherein

the product of strain accumulated in said active layer and
the layer thickness, A, satisfies the following relation-
ship:

—3.38%x1071% (meter) SA=—0.94x1071° (meter).

3. The semiconductor laser device according to claim 1 in
which the product of strain accumulated in the active layer

and the layer thickness A is

~3.38x107 9m=A=—1.43%10"1%m.

4. In a semiconductor laser device comprising an active
layer including a quantum well structure having a layered
structure of a well layer and a barrier layer formed on a
semiconductor substrate, and cladding layers provided with
the active layer interposed therebetween, wherein the value

- of strain in said well layer, Aa,;, is defined as Aa,,=(a.,—a)/a,

the value of strain in said barrier layer, Aa,;, 1s defined as
Aa, ~(a;—a)/a, and the product of strain accumulated in said
active layer and the layer thickness (t,; and t;), A, is
calculated by the following equation:
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H m
=1 =1

where a 18 the lattice constant of said semiconductor sub-
strate, a,,; 15 the lattice constant of said well layer, ¢, is the
thickness of the well layer, a,, 1s the lattice constant of said
barrier layer, and t,; 1s the thickness of the barrier layer,

said Aa,,, Aa,; and A respectively satisfy the following
relationships:

—2.0% = Aa,,; < 0%,
0% < Aa,; = +1.5%, and
—3.6 X 107'° (meter) £ A < 0, and

wherein said semiconductor substrate is a GaAs substrate
having a main surface misoriented by not less than 5°
irom a {100} plane of said substrate in a <0l11>
direction, the composition of said well layer is
(Al;Ga,_,,),,In, P, the composition of said barrier
layer is (Al,,Ga,_,,),,In;_,,P, and x1 and x2 satisfy the
relationship of 1.0=2x2>x1=0.

. The semiconductor laser device according to claim 4,
wherein said semiconductor substrate is a GaAs substrate
having a main surface misoriented by not less than 5° nor
more than 17° from the {100} plane in the <011> direction.

6. The semiconductor laser device according to claim 5,
wherein in a case where said well layer comprises three
layers each having a thickness of about 100 A, the value of
the strain in the well layer, Aa,,;, is —1%, and the thickness
of said barrier layer is about 40 A, the value of the strain in
the barrier layer, Aa,,, satisfies the following relationship:

0%<Aa,;<1.29%.

7. The semiconductor laser device according to claim 5,
wherein the value of the strain in said barrier layer, Aay;,
satisfies the following relationship:

0.12% =Aa,,<1.29%.

8. The semiconductor laser device according to claim 5,
wherein the value of the strain in said barrier layer, Aa,,
satisfies the following relationship:

0.33%=Aa,;£0.98%.

9. In a semiconductor laser device comprising an active
layer including a quantum well structure having a layered
structure of a well layer and a barrier layer formed on a
semiconductor substrate, and cladding layers provided with
the active layer interposed therebetween, wherein the value
of strain in said well layer, Aa,;, is defined as Aa,~=(a, —a)/a,
and the value of strain in said barrier layer, Aa,,, is defined
as Aa,=(a,;—a)/a, and the product of strains accumulated in
said active layer and the layer thickness, A, is calculated by
the following equation:

n m
A= 2 Alyi X tyi + 2 Mijijw
=1 =1

where a 18 the lattice constant of said semiconductor sub-
strate, a,,; 18 the lattice constant of said well layer, t . is the
thickness of the well layer, a,; is the lattice constant of said
barrier layer, and {y; 18 the thickness of the barrier layer, and

said Aa,,, Aa,; and A respectively satisfy the following
relationships:

0% < Aa,; £ 2.0%,
~1.5% = Aa,; < 0%, and
0 <A S 2.6 % 107 (meter).

10. The semiconductor laser device according to claim 9,
wherein the product of the strains accumulated in said active
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layer and the layer thickness, A, satisfies the following
relationship:

0.94x1071° (meter)SA=£3.38%x1071° (meter).

11. The semiconductor laser device according to claim 9,
wherein the product of the strains accumulated in said active
layer and the layer thickness, A, satisfies the following
relationship:

1.43%1071° meter=A=£2.98%x1071° meter,

12. The semiconductor laser device according to claim 9,
wherein in a case where said semiconductor substrate is a
GaAs substrate having a main surface misoriented by not
less than 5° from a {100} plane of said substrate in a <011>
direction, the composition of said well layer is (Al ,Ga,_
x1),,In;_,P, and the composition of said barrier layer is
(Al ,Ga;_,,),,In;_,P, x1 and x2 satisfy the relationship of
1.0=2x2>x120.

13. The semiconductor laser device according to claim 12,
wherein said semiconductor substrate is a GaAs substrate
having a main surface misoriented by not less than 5° nor
more than 17° from the {100} plane in the <011> direction.

14. In a semiconductor laser device comprising an active
layer including a quantum well structure having well layers
and barrier layers alternately layered on a semiconductor
substrate, and cladding layers provided with the active layer
interposed therebetween, the value of strain in each of said
well layers 1s —0.8% to —1.5%, the thickness of the well layer
1s 80 A to 180 A, the value of strain in each of said barrier
layers 1s +0.5% to +1.0%, and the thickness of the barrier
layer is 20 A to 60 A, and the respective numbers of
laminated well layers and barrier layers are 2 to 4.

15. The semiconductor laser device according to claim 14,
wherein said semiconductor substrate is a GaAs substrate
having a main surface misoriented by not less than 5° from
a 1100} plane of said substrate in a <011> direction, the
composition of said well layer is (Al,,Ga,_,)),,In,_,,P, and
the composition of said barrier layer is (Al ,Ga,_ ). ,In,_
y2P, x1 and x2 satisfy the relationship of 1.0=x2>x120.

16. The semiconductor laser device according to claim 15,
wherein said semiconductor substrate is a GaAs substrate
having a main surface misoriented by not less than 5° nor
more than 17° from the {100} plane in the <011> direction.

17. In a semiconductor laser device comprising an active
layer including a quantum well structure having a layered
structure of a well layer and a barrier layer formed on a
semiconductor substrate, and cladding layers provided with
the active layer interposed therebetween, wherein the value
of strain in said well layer, Aa ;, is defined as Aa , =(a_ —a)/a,
the value of strain in said barrier layer, Aa,,, is defined as
Aa,=(a,—a)/a, and the product of strain accumulated in said
active layer and the layer thickness (t,; and {z;), A, 18
calculated by the following equation:

n m
A= I Aay;iXtyi+ Z Aapi X ty,
i=1 J=l

where a 1s the lattice constant of said semiconductor sub-
strate, a,,, 18 the lattice constant of said well layer, ¢, is the
thickness of the well layer, a,; 18 the lattice constant of said
barmer layer, and {7 18 the thickness of the barrier layer,

said Aa,,;, Aa,; and A respectively satisfy the following
relationships:

-2.0% < Aa,, < 0%,
0% < Agy; = +1.5%, and
—2.98 x 107'° (meter) £ A = —1.43 x 1071° (meter).
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